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(54) Multiple stage air bag inflator system 

(57) A multi-stage air bag inflator includes a housing 
(22) with at least two separated chambers (30, 32), each 
containing gas generating material (40) and an ignition 
system (50, 58) for activating the material to generate 
gas for rapidly filling an associated air bag. An internal 
wall means (40) is provided in the housing (22) to form 
the separated chambers (30, 32) and the wall means 
has a bursting disc (62) designed to rupture in response 
to a predetermined level of gas pressure in one of the 
chambers (30) providing fluid communication between 
the chambers (30, 32). The frangible section is support- 
ed by an annular backing disc (60) against rupture in 
response to gas pressure in the other gas chamber (32) 
so that different levels of air bag inflation with gas are 
possible in response to the severity of the impact. 
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Description 

The present invention relates to a new and im- 
proved multi-stage air bag inftator which is controlled to 
generate lower or higher level gas flow dependent on $ 
the severity of impact. More particularly, the multi-stage 
air bag inflator of the present invention has a unitary 
housing divided by an internal wall into at least two sep- 
arate chambers with each chamber containing a charge 
of gas generant material and an ignition system therefor. 10 
The internal wall is provided with a frangible wall section 
which ruptures in response to gas pressure in one 
chamber but is supported against rupture in response 
to gas pressure in the other chamber. Thus, in response 
to one level of impact a single chamber is activated and ? 5 
in response to another level, both chambers are activat- 
ed. 

U.S. Patent No. 5,330,226, discloses a method and 
apparatus for detecting an out-of-position occupant for 
controlling the actuation of a vehicle occupant restraint 20 
system having a remote vent valve for venting gas gen- 
erated by one or both inflators provided for inflating a 
single air bag restraint. 

U.S. Patent No 5 : 074,583, discloses an air bag 
system for an automobile having a housing for contain- 25 
ing a plurality of individually controlled inflators, each 
having a discharge valve designed to open for inflation 
of an air bag when a gas pressure of more than a pre- 
determined value is generated. 

U.S. patent 5,232,243 discloses an occupant sens- 30 
ing apparatus for use in an occupant restraint system. 
The disclosed occupant sensing apparatus preferably 
monitors the passenger seat in the vehicle to detect the 
presence on an object in the seat, the position of the 
object and the weight of the object. A control algorithm 35 
is performed to control air bag inflation responsive to the 
detected values. 

U.S. patent 4,243,248 discloses an air bag system 
including air bags for the driver and a front seat passen- 
ger. In the disclosed air bag system, the passenger side 40 
air bag can be inflated in two stages in response to an 
output signal generated from a sensor system when de- 
celeration reaches first and second thresholds. 

U.S. patent 3,767,228 discloses apparatus for con- 
trolling the operation ot air bag inflation dependent on 45 
ambient temperature within the vehicle in which the ap- 
paratus is disposed. 

U.S. palent 5,074,583 discloses an air bag system 
for an automobile including a seating condition sensor 
that detects a seating condition of a passenger with re- so 
spect to seat position, reclining angle, passenger size 
and posture. The air bag is operated in accordance with 
the seating condition of the passenger so that the inflat- 
ed air bag is brought into optimal contact with the occu- 
pant. 55 

U.S. patent 4,984,651 discloses a passenger re- 
straint system for motor vehicles including a switch 
member that detects the functional position of the safety 
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belt. Activation of an air bag and a belt tensioner is de- 
pendent on the functional position of the safety belt. 

U.S. patent 4,998,751 discloses a two stage auto- 
motive gas bag inflator using igniter material to delay 
second stage ignition having two compartments with ig- 
niter material in a second compartment which burns 
slower than that in the first compartment. 

U.S. patent 5,071 ,160 discloses a sensor for detect- 
ing the position of the passenger to effect deployment 
of the air bag to provide optimum protection for the pas- 
senger. 

U.S. patent 3,672,699 discloses an automatic re- 
straint system arming control of an air bag dependent 
on the presence of an occupant to effect inflation of the 
air bag. If no occupant is present, the air bag is not in- 
flated. 

U.S. patent 4,620,721 discloses an air bag system 
that also is responsive to the driver's use of a seat belt. 
The difference is that the threshold speed differs de- 
pending on the driver's use of the belt. 

U.S. patent 3,767,002 discloses a seat occupancy 
responsive air cushion actuation and monitoring circuit 
that determines passenger occupancy before firing a 
squib which controls inflation of the air bag. 

U.S. patent 3,966,224 discloses a multiple inflation 
rate air bag system using an air-augmented inflator 
which is activated in various manners in accordance 
with the occurrence of predetermined levels of intensity 
of impact to provide the multiple rates of inflation. 

It is an object of the present invention to provide a 
new and improved multi-stage air bag inflator system 
that functions optimally over a larger range of crash sit- 
uations and better than is currently possible with known 
air bag inflator systems. 

It is another object of the present invention to pro- 
vide a new and improved multi-stage air bag inflator. 

It is yet another object of the present invention to 
provide a new and improved multi-stage air bag inflator 
having selectively controllable performance character- 
istics to provide a multiple level energy absorptive ca- 
pability. 

Still another object of the present invention is to pro- 
vide a new and improved multiple stage air bag inflator 
system capable of managing the mass flow of gas to 
inflate an air bag cushion to provide a timely applied, 
level of restraint capability. 

The foregoing and other objects and advantages of 
the present invention are accomplished in a new and 
improved multiple-stage, air bag inflator system having 
an inflator including a housing having gas discharge 
ports in direct communication with an air bag to be in- 
flated. The housing includes at least two separated 
chambers, each containing a quantity of gas generating 
material for producing gas and an ignition system there- 
for for rapidly inflating the air bag. The housing has an 
internal wall forming the separated chambers and pro- 
vided with a frangible section which ruptures in re- 
sponse to gas pressure generated in one chamber but 
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which is supported against rupture from gas generated 
in the other chamber The ignition system in one or more 
chambers is activated to provide a selected amount of 
gas for inflation of the air bag from either one or both 
chambers. Also, a time delay between activating multi- 
ple ignition systems is identified responsive to an iden- 
tified crash type. 

For a better understanding of the present invention, 
reference should be had to the following detailed de- 
scription taken in conjunction with the drawings, in 
which: 

FIG. 1 is a cross-sectional view of a new and im- 
proved multi-stage air bag inflator system in accord- 
ance with the present invention shown in an oper- 
ative condition wherein gas generant material in on- 
ly one of the separate chambers is activated for ob- 
taining a minimum flow of gas for inflating an air bag; 
FIG. 2 is a cross-sectional view similar to FIG. 1 but 
illustrating another operative condition wherein gas 
generant material in both chambers has been acti- 
vated for providing a maximum flow of gas; 
FIG. 3 is a transverse cross-sectional view taken 
substantially along lines 3-3 of FIG. 1; 
FIG. 4 is a block diagram representation of an air 
bag system of the invention used with the air bag 
inflator of FIG. 1; and 

FIG. 5 is a flow chart illustrating sequential steps 
performed by an electronic control unit of the air bag 
system of FIG. 4 in accordance with the present in- 
vention. 

Referring now more particularly to FIGS. 1 and 2, 
therein is illustrated a new and improved, multi-stage air 
bag inflator 20 constructed in accordance with the fea- 
tures of the present invention and especially designed 
for use in an air bag system 10 providing both variable 
timing and variable inflation levels. In particular, the mul- 
tiple-stage inflator 20 is designed to fill a need for mul- 
tiple pulse deployment of an air bag which is tailored to 
sensed conditions and severity of impact. 

The inflator 20 includes an elongated generally cy- 
lindrical metal housing 22 having a hollow tubular side 
wall 24 closed at one end by an integrally formed circular 
end wall 26 and at an opposite end by an annular end 
wall or disk 28 secured in place by a radially inwardly 
directed crimp-formed end flange 24a integral with the 
open end of the tubular side wall. An annular seal ring 
29 is provided between an inner annular face of the 
flange 24a and a marginal peripheral portion around the 
outer face of the end wall disk 28. 

In accordance with the present invention, the inte- 
rior of the housing or canister 22 is divided into at least 
two separate chambers or compartments 30 and 32 by 
an internal wall structure 34. Each chamber has a plu- 
rality of gas discharge ports 30a and 32a, respectively, 
for directing gas radially outwardly as indicated by the 
respective Arrows M A U and "B" for rapidly inflating an as- 



sociated air bag (not shown) in communication there- 
with An inside wall surface of the tubular side wall 24 
of each chamber 30 and 32 is provided with an adhe- 
sively applied thin foil sealing sheet 36 for hermetically 

5 sealing off the interior of the canister 22 at the discharge 
ports 30a and 32a against the entry of unwanted con- 
taminants from outside the canister. When internal gas 
pressure is generated in the respective chambers 30 
and 32 upon activation of the inflator, the sealing sheet 

io 36 is easily ruptured to open the gas ports 30a and 32a 
for a rapid outflow of gas to inflate the air bag. 

Each separate chamber 30 and 32 contains a 
charge of solid gas generant material in the form of pel- 
lets or wafers 40 formed of sodium azide or other ma- 

15 terials which when ignited rapidly provide a relatively 
large volume of non-toxic gas for air bag inflation. Each 
chamber 30 and 32 is also provided with a tubular gas 
filter 42 formed of one or more layers of metal screening 
material, porous ceramic material or other types of filter 

20 media lor removing hot slag and particulates from the 
gas generated from the pellets 40 before it exits the re- 
spective gas discharge ports 30a and 32a. 

The first and second chambers 30 & 32, as shown 
are smaller and larger, respectively. However, this pro- 

2S portionality is a variable, within the present invention 
which may change. For example, the first chamber 30 
may be smaller than the second chamber 32, as shown 
in Fig. 1. The first and second chamber may be equal 
in size, or the first chamber may be larger than the sec- 

30 ond chamber. 

The first separate combustion chamber 30 is pro- 
vided with an electrically activated ignition squib 44 seal- 
ingly mounted in a central opening 28a of the end wall 
disk 28 and held in place by an annular element 27 at- 

35 tached to the disk around the periphery. The ignition 
squib 44 includes outwardly protruding electrical termi- 
nals 44a adapted to be connected via a terminal socket 
46 to electrical leads 48 for supplying an electrical igni- 
tion signal from a sensing and control system described 

40 hereinafter. The squib 44 may also include a container 
50 of ignition enhancing material such as BKN0 3 . When 
the squib is electrically activated by a signal pulse, the 
ignition process is enhanced and intensified so that pel- 
lets 40 are rapidly ignited to generate a quantity of infla- 

45 tion gas for rapidly inflating an air bag. 

The separate, second combustion chamber 32 is 
provided with a separate ignition squib 52 having exter- 
nal terminals 52a adapted for interconnection with a 
sensing and control system via a connector 54 and elec- 

so trical leads 56. The squib 52 may also include a contain- 
er 58 of ignition enhancing material such as BKN0 3 . The 
squib 52 is sealingly mounted in a central opening 26a 
in the integrally formed end wall 26 of the canister 22 
and is held in place by an annular element 31 attached 

55 to the end wall around the periphery. 

In accordance with the present invention the inter- 
nal divider wall structure 34 which separates the first and 
second chambers 30 and 32 in the canister 22, includes 
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a strong, metal, annular backing ring 60 having an outer 
peripheral edge portion snap-fitted or otherwise secured 
into a shoulder surface 24b formed on the inside surface 
of the tubular side wall 24 of the canister 22. The metal 
backing ring 60 is formed with a central opening 60a for 
allowing gas pressure to communicate and rupture a 
thin, metal, circular-shaped burst disk 62 (FIG. 2) upon 
ignition of the gas generant material 40 in the first cham- 
ber 30. 

Due to the relatively small diameter of the central 
opening 60a in the backing structure 60, the burst disk 
62 remains unruptured when the gas generant material 
40 in the second chamber 32 is ignited and the burst 
disk maintains the pressurization in the second chamber 
32 without allowing pressure communication to the first 
chamber 30 (FIG. 1 ). Because ol the relatively large ar- 
ea behind the burst disk 62, the disk is ruptured by gas 
pressure upon ignition of the gas generant material 40 
in the first chamber 30. The hot gases from the first 
chamber 30 then flow through the opening 60a and the 
ruptured burst disk 62 to cause ignition of the gas gen- 
erant 40 in the second chamber 32. A layer of heat in- 
sulating material 64 which need not be impervious to the 
gases, and which provides negligible structural support, 
is mounted in the first chamber 30 against the backing 
disk 60 to provide heat insulation for preventing heat 
generated from the ignition of material 40 in the second 
chamber 32 from causing ignition of the material 40 in 
the first chamber 30. When the first and second cham- 
bers 30 and 32 are equal in size or the first chamber 30 
is larger than the second chamber 32, the burst disk 62 
may be placed in the first chamber. 

As shown in FIG. 3, the burst disk 62 is formed with 
score lines or grooves 62a on the right hand face thereof 
for facilitating Iracture or bursting of the disk 62 (FIG. 2) 
in response to a greater gas pressure present in the first 
chamber 30 than in the second chamber 32. This situ- 
ation occurs when the ignition squib 44 is activated first 
to generate gas from the generant pellets 40 in the first 
chamber 30 prior to the ignition of the gas generant pel- 
lets 40 in the second chamber 32. The higher gas pres- 
sure in the first chamber 30 moves through or ruptures 
the heat insulating layer 64 and then passes through the 
central opening 60a in the annular backing member 60 
to the full area on the back side of the burst disk 62 caus- 
ing the disktodeflect (dotted lines, FIG. 2) and ultimately 
burst open or fracture as shown. Fracture of the disk 62 
is facilitated by the weakening grooves 62a and be- 
cause of the lack of structural support or backing for the 
burst disk in the second chamber 32. 

The hot products of combustion from the gas gen- 
erant pellets 40 in the first chamber 30 flow into the sec- 
ond chamber 32 as indicated by the Arrows "C" (FIG. 2) 
causing the gas generating pellets 40a in the immediate 
vicinity of the internal wall structure 34 to be ignited. This 
action eventually results in the ignition of all of the gas 
generant material 40 in the second chamber 32 and pro- 
duces a maximum volume of gas but with a time delay 



occurring between the first ignition of the material 40 in 
the first chamber 30 and the later ignition pulse emanat- 
ing from the ignition of the gas generant material 40a 
and 40 in the second chamber 32. 

5 In order to further facilitate the fracture of the thin 

burst disk 62 : a circular spacer 65 may be provided in 
the large chamber 32 spaced away from the burst disk 
62. This spacer prevents the gas generant material 40 
from pressing directly against the burst disk 62 and 

10 thereby providing support therefor for resisting bursting 
action caused by gas pressure from the small chamber 
30. The spacer 65 itself is relatively fragile and is easily 
broken by the bursting disk 62 acting under pressure 
from the first chamber 30. 

is When the ignition squib 52 in the second chamber 
32 is activated first, the gas pressure generated in the 
chamber is not sufficient to fracture the burst disk 62 to 
provide gas flow into the smaller chamber 30 because 
the burst disk is well supported on the left hand side 

20 (FIG. 1 ) by the backing or supporting structure 60. More- 
over, the heat generated from the process of combus- 
tion in the second chamber 32 is not effective to initiate 
combustion of the generant material 40 in the first cham- 
ber 30 because of the layer of heat insulating material 

25 64. 

After a first ignition in the second chamber 32 has 
begun the material 40 in the first chamber 30 may be 
ignited when desired by an electrical signal or pulse sent 
to the ignition squib 44 Timing between the ignition sig- 

30 nals to the respective ignition squibs 52 and 44 may be 
selectively controlled by the sensing and control system 
hereinafter described to obtain the desired pulsed infla- 
tion characteristic for the air bag. 

Referring now to FIG. 4, there is shown a block di- 

35 agram representation of the air bag system 1 0. Air bag 
system 10 includes an electronic control unit 100, a pow- 
er source 102 and a plurality of sensors represented by 
multiple sensors block 104 coupled to the electronic 
control unit 100. Electronic control unit 100 is suitably 

^o programmed to perform the control functions of the in- 
vention as illustrated and described with respect to FIG. 
5. A pair of power stage and monitor blocks 1 06 and 1 08 
are coupled to the ECU 100 and power source 1 02 and 
are connected to a respective one of the inflator control 

4 5 devices or squibs 44 and 52 via the electrical lines 48 
and 56. Power stage and monitor blocks 106 and 108 
are capable of supplying energy to the squibs 44 and 
52. The monitor function included within the power stag- 
es 106 and 108 monitors failure modes of the power 

50 stages and subsequent gas generation squibs 44 and 
52. The multiple sensors 104 advantageously include 
an acceleration sensor; a temperature sensor driver; a 
temperature sensor passenger; a buckle switch driver; 
a buckle switch passenger; an out-of-position sensor 

55 driver; an out-of-position sensor passenger and an op- 
tional seat occupancy sensor passenger. 

U.S. patent application. Serial No. 08/1 49,296, filed 
October 29,1993, entitled AIR BAG SYSTEM FOR A 
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MOTOR VEHICLE, now U.S. Patent No. 5,411 ,289, is- 
sued May 02, 1995, discloses an air bag system for a 
motor vehicle including an electronic control unit, power 
source and the above-listed multiple sensors used in 
conjunction with multiple level gas generation sources, s 
The subject matter of the above-identified patent appli- 
cation is incorporated herein by reference. 

Referring now to FIG. 5, there is shown a flow chart 
illustrating sequential steps performed by the electronic 
control unit (ECU) 1 00. Sequential operations begin with to 
the ECU 100 monitoring the multiple sensors 104 as in- 
dicated at a block 400. ECU 100 utilizes the monitored 
sensor inputs to identify a crash occurrence as indicated 
at a decision block 402. When a crash is identified at 
decision block 402, then ECU 1 00 determines a velocity 15 
change of the vehicle at a block 404. Then ECU 100 
identifies the crash severity or type as indicated at a 
block 406. Next ECU 100 determines whether both 
squibs 1 and 2 (corresponding to squibs 44 and 52) 
should be activated or fired as indicated at a decision 20 
block 408. If determined that both squibs should be fired, 
then ECU 100 fires squib 1 as indicated at a block 410 
and identifies a selected time delay value at a block 41 2. 
After the selected time delay, for example, from zero to 
50 milliseconds, then ECU 1 00 fires squib 2 as indicated 25 
at a block 414. 

Otherwise, when determined that firing both squibs 

1 and 2 is not needed at decision block 408, then ECU 
100 determines which of the squibs 1 or 2 should be 
fired as indicated al a decision block 416. When squib 30 

2 is identified as the appropriate inflator control, ECU 
100 fires the identified squib 2 as indicated at a block 
118 labelled FIRE SQUIB 2. When squib 1 is identified 
as the appropriate inflator control, ECU 100 fires the 
identified squib 1 as indicated at a block 120 labelled 35 
FIRE SQUIB 1 



Claims 

40 

1. A plural singe air bag inflator (20), comprising: 

a housing (22) having a plurality of separated 
chrtmocrs (30 32) each containing gas gener- 
ating means (40) and ignition means (50, 58); 45 
and 

an internal wall (34) in said housing (22) for di- 
viding the snrne to form said separate cham- 
beis (30. 32) said wall (40) having a frangible 
section (G2) adapted to rupture in response to 50 
gas pressure generated in one of said cham- 
bers (30) allowing fluid communication be- 
tween said chambers (30, 32). 

2. The plural stage air bag inflator of claim 1 wherein 55 
said frangible section (62) is strong enough to pre- 
vent rupture in response to gas pressure generated 

in the other of said chambers (32) when said ignition 



means (58) therein is activated. 

3. The plural stage air bag inflator of claim 1 or 2, 
wherein said internal wall (34) includes backing 
means (60) for supporting said frangible section 
(62) on at least one side face of said section. 

4. The plural stage air bag inflator of claim 3 wherein 
said backing means (60) includes at least one open- 
ing (60a) for the passage of gas between said 
chambers (30, 32). 

5. The plural stage air bag inflator of any preceding 
claim wherein said internal wall (34) includes a heat 
insulating means (64) for preventing activation of 
said gas generating means (40) in one chamber 
(30) because of heat generated when gas generat- 
ing means (40) in another chamber (32) is activat- 
ed. 

6. The plural stage air bag inflator of claim 5 wherein 
said internal wall (34) includes structural backing 
means (60) having an opening (60a) for the pas- 
sage of gas between said chambers (30, 32) and 
said heat insulating means (64) is supported adja- 
cent at least one side of said backing (60). 

7. The plural stage air bag inflator of claim 6 wherein 
said frangible section (62) of said internal wall (34) 
is supported on an opposite side of said backing 
(60) away from said heat insulating means (64). 

8. The plural stage air bag inflator of claim 3, 4, 6 or 7 
wherein: 

said backing means (60) includes a perforated 
structure having an opening (60a) for the pas- 
sage of gas between said chambers (30, 32); 
and 

said frangible section (62) is formed with at 
least one groove (60a, 62a) in an opposite face 
thereof spaced from said backing means (60) 
and defining a fracture line for rupture of said 
frangible section (62) in response to gas pres- 
sure generated in said one chamber (30). 

9. The plural stage air bag inflator of claim 8 wherein 
said backing means (60) engages said one side 
face of said frangible section (62) to support the 
same against rupture in response to gas pressure 
generated in another of said chambers (32). 

10. The plural stage air bag inflator of claim 9 wherein 
said one side face of said frangible section (62) is 
flat and said groove (60a, 62a) defines a thin wall 
segment to facilitate fracture of said frangible sec- 
tion (62) in response to gas pressure generated ad- 
jacent said one side face. 
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(54) Multiple stage air bag infiator system 

(57) A multi-stage air bag infiator includes a housing 
(22) with at least two separated chambers (30. 32), each 
containing gas generating material (40) and an ignition 
system (50, 58) for activating the material to generate 
gas for rapidly filling an associated air bag. An internal 
wall means (40) is provided in the housing (22) to form 
the separated chambers (30, 32) and the wall means 



has a bursting disc (62) designed to rupture in response 
to a predetermined level of gas pressure in one of the 
chambers (30) providing fluid communication between 
the chambers (30, 32). The frangible section is support- 
ed by an annular backing disc (60) against rupture in 
response to gas pressure in the other gas chamber (32) 
so that different levels of air bag inflation with gas are 
possible in response to the severity of the impact. 
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